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THERMAL AND STRUCTURAL CHARACTERIZATION OF THE
VITREOUS SAMPLES IN THE SiO2 – PbO – Na2O SYSTEM
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INTRODUCTION
/HDGJODVVHVDUHERWKLPSRUWDQWPDWHULDOVIURPERWKVFLHQWL¿FDQGWHFKQRORJLFDOSRLQW
of view, since they have very interesting structure and offer properties such as high value 
of the refractive index, low absorption in the visible region of the spectrum, an improved 
chemical stability and brightness (1, 2). The lead containing glasses, such as crystal glass, 
have been used from the ancient time. Recently, due to the possible application in op-
tics, electronics, nuclear techniques, and wastes inactivation, the interest in these types of 
glasses has been renewed.
In the binary SiO2-PbO system, when the PbO content is low, the Pb2+ ion is distinctly 
IUDPHZRUNPRGL¿HUEXWDW3E2FRQWHQWKLJKHUWKDQWRLWLVIUDPHZRUNIRUPHU
i.e., [PbO4] coordination groups are present. In the intermediate concentration range up 
WRWKLVLQFUHDVHLQWHWUDKHGUDO>3E24@FDQEHV\VWHPDWLFDOO\REVHUYHG$ERYH
2DQD&ăWăOLQD0RFLRLX*HRUJHWD-LWLDQX'U0DULD=DKDUHVFX,QVWLWXWH RI 3K\VLFDO &KHPLVWU\ ,OLH 0XUJXOHVFX ,QVWLWXWHRI3K\VLFDO&KHPLVWU\,OLH0XUJXOHVFX
5RPDQLDQ$FDGHP\6SODLXO,QGHSHQGHQWHL%XFKDUHVW5RPDQLDHPDLORPRFLRLX#LFIUR
PbO a distinct change in the bonding mechanism develops, most probably by a change 
in the electron distribution (3, 4). Raman and infrared investigations of the binary glasses 
FRQ¿UPWKDWWKHVLOLFDWHQHWZRUNLVRQO\JUDGXDOO\GHSRO\PHULVHGZLWKLQFUHDVLQJ3E2
concentration (2).
*HQHUDOO\ZKHQJODVVHVDUHKHDWHGWKHWKHUPDOWUHDWPHQWGHSHQGVRQWKHFKHPLFDO
composition), they may undergo crystallization and oxide compounds are formed, which 
is on the DTA curves registered as an exothermic effect. The glass crystallization can 
occur either in the presence of nucleation agents (method used for the glass ceramics pro-
GXFWLRQRULQWKHLUDEVHQFH,QWKHDEVHQFHRIWKHQXFOHDWLRQDJHQWVWKHFU\VWDOOL]DWLRQ
starts from the surface and only some systems can crystallize in the volume (6).
The purpose of the present work was thermal, structural and chemical characteriza-
tion of glasses in the SiO2– PbO - Na2O ternary system. The lead oxide role in the studied 
glasses was investigated by infrared spectroscopy. The spectra were interpreted in terms 
of the structures of silicate groups. The correlation of differential thermal analysis and in-
frared spectroscopy data with the results of chemical stability tests helped to establish the 
compositions, which have a high PbO content and good chemical stability.
(;3(5,0(17$/
*ODVVSUHSDUDWLRQ
Lead silicate glasses were prepared from PbO, SiO2,N a 2CO3 (analytical grade rea-
JHQWV%DWFKHVJZHUHPHOWHGLQDOXPLQDFUXFLEOHVLQDQHOHFWULFDORYHQDW
Û&0HOWLQJWLPHVZHUHPLQLPL]HGLQRUGHUWRUHGXFHWKHYRODWLOLVDWLRQRI3E2ZLWK-
RXWLQÀXHQFLQJKRPRJHQHRXVFRPSRVLWLRQRIJODVVHV*ODVVIULWVZHUHREWDLQHGE\IDVW
quenching in cold water. 
6WUXFWXUDOLQYHVWLJDWLRQV
Infrared spectraEHWZHHQDQGFP-1ZHUHUHFRUGHGRQD0&DUO=HLVV
-HQD6SHFRUG)LQHSRZGHUPJZDVPL[HGZLWK.%UPJDQGYDFXXPSUHVVHG
into a transparent pellet suitable for measurement.
X-ray analysis of the glasses was performed on a DRON 3 equipment using CuKĮ
radiation
7KHUPDOLQYHVWLJDWLRQV
'7$FXUYHVRISRZGHUVDPSOHVZLWKWKHVL]HEHWZHHQPPZHUHUHFRUGHGRQ
D4'020%XGDSHVW3DXOLN3DXOLN(UGH\GHULYDWRJUDSKLQVWDWLFDLUDWPRVSKHUH
LQWKHWHPSHUDWXUHUDQJHRI&XVLQJSRZGHUHGDOXPLQDDVDUHIHUHQFH
&KHPLFDOUHVLVWDQFHWHVWV
&KHPLFDOUHVLVWDQFHWHVWVLQZDWHUZHUHUHDOL]HGDFFRUGLQJWR,62PHWKRG$
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RESULTSAND DISCUSSION
7KHFRPSRVLWLRQVRIJODVVHVDUHSUHVHQWHGLQ7DEOH,QWKH¿UVWVHULHVZKLFKFRQ-
WDLQVWKH$$%&'JODVVHVZW6L22LQFUHDVHVDQGZW3E2GHFUHDVHV,QWKH
VHFRQGVHULHVZKLFKFRQWDLQVWKH$DQG$JODVVHVZW6L22LVVDPHDQGZW3E2
increases.
Table 1*ODVVFRPSRVLWLRQLQWKHWHUQDU\V\VWHP6L22 – PbO – Na2O
No. Glass Chemical Composition
SiO2 PbO Na2O
% wt PRO % wt PRO % wt PRO
Series 1 $ 32.0  55.0  13.0 21.2
A2 35.0  40.0  25.0 34.6
% 44.0  35.0  21.0 
C1 45.0  38.3 14.3 16.7 
D3 50.0 61.9 25.0 8.2 25.0 29.9
Series 2 A2 35.0  40.0  25.0 34.6
$ 35.0  48.0  17.0 
7KHUHVXOWVRIWKH;5'PHDVXUHPHQWVRIWKHSUHSDUHGJODVVHVDUHSUHVHQWHGLQ)LJXUH
1, underlying their vitreous character.
Fig. 1. XRD pattern of some glasses in the SiO2 – PbO – Na2O system 92
,QIUDUHGVSHFWUDRIWKHVWXGLHGJODVVHVDUHSUHVHQWHGLQ)LJXUH$OOWKHVSHFWUDRIWKH
REWDLQHGJODVVHVFRQWDLQEURDGDEVRUSWLRQEDQGVLQWKHIROORZLQJUDJHV
FP-1. The vibration bands assigned to the Pb-O bonds 
DUHORFDWHGEHORZFP-1and are not evident in our spectra.
,QRXUFDVHWKHEDQGVEHWZHHQFP-1ZLWKWKHPD[LPXPDWDERXWFP-1 are 
DVVLJQHGWRWKHGHIRUPDWLRQįYLEUDWLRQVRIWKHERQGVLQVLOLFRQR[\JHQJURXSV7KH\DUH
QRWVLJQL¿FDQWO\GLIIHUHQWIRUWKHGLIIHUHQWVWXGLHGJODVVHV
7KHZHDNLQIUDUHGEDQGVLQWKHUDQJHRIWRFP-1 in chain silicates have been 
assigned to the stretching vibrations of Si-O-Si bridging bonds. The number of the bands 
this range is then correlated with the number of distinct repeating units in the silicate chain 
(8). The infrared spectra of hexagonal PbSiO3FRQWDLQ¿YHRUPRUHEDQGVLQWKLVUHJLRQ
indicating more SiO4units in the chain (9).
7KHV\PPHWULFȞs) valence vibrations of the bonds in the [SiO4] tetrahedra are located 
LQWKHFP-1. In the case of our glasses, these bands are active in the IR spectrum 
DWDERXWFP-1 for the glasses C1 and D3, showing that the symmetry of the [SiO4] te-
trahedra is due to the fact that the silicon-oxygen network is predominately composed of 
WHWUDKHGUDZLWKQRQEULGJLQJR[\JHQLRQVDQGVWUXFWXUDOQHWZRUNLVVLJQL¿FDQWO\GHSRO\-
merised.
7KHEURDGEDQGLQWKHUDQJHRIFP-1LVDVVLJQHGWRWKHDV\PPHWULFȞas) va-
lence vibrations of the bridging Si-O-Si bonds. The [SiO4] tetrahedron can be bonded with 
YDULDEOHQRQEULGJLQJR[\JHQLRQVPD[LPXPDWDQGFP-1) and non-bridging 
Si-O- bonds (maximum 893 cm-1=DU]\FNLDOVRQRWHGWKDWWKHFKDUDFWHULVWLFIUHTXHQF\
range for SiO4JURXSLQWKHR[LGHJODVVHVLVFP-1 (3). In the case of the studied 
glasses the band assigned to the bonding of the [SiO4] network tetrahedra to the non-bridg-
LQJR[\JHQLVORFDWHGEHWZHHQDQGFP-1, while the bonding to the Si-O- bonds 
DUHVLJQL¿FDQWO\VKLIWHGEHLQJORFDWHGLQWKHUDQJHRIFP-1. The differences no-
Fig. 2. Infrared spectra of some glasses in the SiO2 – PbO – Na2O system93
WLFHGLQWKH,5VSHFWUDRIWKHV\QWKHVL]HGJODVVHVLQWKHFP-1 range indicate 
different structural ordering of the glass network that can be correlated to the different 
amount of PbO and Na2O in the glass composition.
,QWKHOLWHUDWXUHWKHEDQGVZLWKLQWKHUDQJHVDQGDERXWDUHDV-
signed to deformation vibration of the H-O-H groups in the structure of glass or surface 
DGVRUEHGZDWHU7KHEDQGVKDYH¿QHVWUXFWXUHGXHWRGLIIHUHQWFKDUDFWHURILQWHUDFWLRQ
EHWZHHQVWUXFWXUDOO\ERQGHGZDWHUZLWKVLOLFRQR[\JHQQHWZRUN7KHEDQGDERXW
cm-1 is assigned to the presence of Na22DFWLQJDVQHWZRUNPRGL¿HU,QWKHFDVHRI
RXUJODVVHVWKHEDQGVLQWKHFP-1 range are shifted to the higher wavenumber, 
probably, due to the interaction with both the tetrahedral SiO4 and pyramidal PbO3. The 
LQWHQVLW\RIWKHEDQGDWFP-1LQFUHDVHVLQWKHRUGHU&$'$$%7KH&
DQG$JODVVHVFRQWDLQEDQGVZLWKORZHULQWHQVLW\LQWKLVZDYHQXPEHUUDQJH7KDWLVLQ
correlation with the smaller content of Na2O in the oxide composition. 
)LJXUHVKRZV'7$FXUYHVRIWKHJODVVHV7KH RQO\ VDPSOH WKDW H[KLELWV D FOHDU H[R The only sample that exhibits a clear exo-
WKHUPLFHIIHFWZLWKDQDVVRFLDWHVKRXOGHULVVDPSOH$7KH%JODVVKDVDEURDGEDQG
DSSHDULQJLQDODUJHUDQJHRIWHPSHUDWXUHV EHWZHHQ & DQG & 7KLV EHKDYLRXU EHWZHHQ& DQG & 7KLV EHKDYLRXU & DQG & 7KLV EHKDYLRXU &DQG& 7KLV EHKDYLRXU & 7KLV EHKDYLRXU C. This behaviour . This behaviour 
can be assigned to the successive crystallization of several phases, accompanied by the 
corresponding exothermic effects that overlap. In the case of A2 glass, three very small 
effects could be observed. The A2 glass contains high amount of Na  The A2 glass contains high amount of Na22DERXW 7KH  The 
'JODVVVKRZVDQH[RWKHUPLFHIIHFWDWÛ& 7KH VDPSOH $ VHHPV WR KDYH WKH ORZHVW Û& 7KH VDPSOH $ VHHPV WR KDYH WKH ORZHVW 7KHVDPSOH$VHHPVWRKDYHWKHORZHVW
FU\VWDOOL]DWLRQWHQGHQF\VRWKHKLJKHVWWKHUPDOVWDELOLW\ZKLOHVDPSOH$H[KLELWVDQRS-
posite behaviour and the highest crystallization tendency. 
In the Pb2SiO4 – PbSiO3 system, the DTA pattern obtained from Pb2SiO4 shows an 
HQGRWKHUPLFSHDNDW&RQKHDWLQJDQGH[RWKHUPLFSHDNDW&RQFRROLQJ,Q
WKHJODVVHVWKDWH[KLELWVH[RWKHUPLFSHDNVDWDERXW&WKH\FDQEHDVVLJQHGWRWKH
crystallization of the Pb2SiO4 phase.
Fig. 3. DTA curves of the glasses in the SiO2 – PbO – Na2O system94
'DWDRIFKHPLFDOUHVLVWDQFHLQZDWHUFI,62PHWKRG$RIWKHJODVVHVDQG
WKHHOHFWULFDOFRQGXFWLYLW\RIWKHVROXWLRQVDIWHUERLOLQJIRUKRXUDW&DUHSUHVHQWHG
in the Table 2. The reference glass was window glass, whose conductivity determined by 
the sodium ions dissolved from the glass. In the studied glasses, the conductivity is deter-
mined both by the sodium ions and the lead ions release form the glass composition. 
Comparing the results of chemical resistance with the structural ordering of the glass-
es, as determined by infrared spectroscopy and their thermal behaviour, we may notice 
that the samples with the highest tendency of crystallization have the lowest chemical 
VWDELOLW\$PRQJ DOO VWXGLHG VDPSOHV WKH $ JODVV H[KLELWV D JRRG K\GURO\WLF UHVLVWDQFH $PRQJDOOVWXGLHGVDPSOHVWKH$JODVVH[KLELWVDJRRGK\GURO\WLFUHVLVWDQFH
(class 1) and it also showed a very good thermal stability.
Table 2.&KHPLFDOUHVLVWDQFHRIWKHJODVVHVREWDLQHGE\,62
and conductivity measurements
Glass Chemical Resistance Class &RQGXFWLYLW\ȝ6FP
$ 1  6 3
C1 1-2  
A2 2 836
% 2 
$ 2 
D3 3 
window  glass 3   31
*Conductivity of the solutions after boiling for 1 hour.
CONCLUSIONS
The glasses in the SiO2 – PbO – Na2O system were studied in order to establish the 
conditions to include high amount of the PbO in the compositions and at the same time 
obtain a good chemical and thermal stability. The glasses were characterized from the 
point of view of the thermal stability by differential thermal analysis. The structure was 
established by infrared spectroscopy. The chemical stability was determined by standard 
tests and conductivity measurements. The results lead to the conclusions that is possible to 
obtain glasses with rather high amount of PbO and with satisfactory thermal and chemical 
properties. The correlation between thermal and chemical stability and the structure of the 
glasses was established.
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ɚɧɚɥɢɡɨɦȾɌȺɂɧɮɪɚɰɪɜɟɧɚɫɩɟɤɬɪɨɫɤɨɩɢʁɚʁɟɤɨɪɢɲʄɟɧɚɡɚɚɧɚɥɢɡɭɫɬɪɭɤɬɭɪɟ
ɫɬɚɤɥɚɁɚɢɧɬɟɪɩɪɟɬɚɰɢʁɭɫɩɟɤɬɚɪɚɤɨɪɢɲʄɟɧɨʁɟɩɨɪɟɻɟʃɟɫɩɟɤɬɚɪɚɤɨʁɢɨɞɝɨɜɚɪɚʁɭ
ɫɬɪɭɤɬɭɪɢɫɢɥɢɤɚɬɧɟɝɪɭɩɟɫɚɫɩɟɤɬɪɢɦɚɞɪɭɝɢɯɫɢɥɢɤɚɬɧɢɯɤɪɢɫɬɚɥɚɊɟɡɭɥɬɚɬɢ
ȾɌȺɢɢɧɮɪɚɰɪɜɟɧɟɫɩɟɤɬɪɨɫɤɨɩɢʁɟɫɭɩɨɜɟɡɚɧɢɫɚɬɟɫɬɨɜɢɦɚɯɟɦɢʁɫɤɟɫɬɚɛɢɥɧɨɫɬɢ
ɬɢɯɫɬɚɤɚɥɚ
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